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Description
TECHNICAL FIELD

[0001] The present invention relates to a work rate
measurement device and a work rate measurement
method for measuring work rates when performing man-
ual work within work frames on a production line in a
factory or the like.

BACKGROUND ART

[0002] In the manufacturing industry, such as in facto-
ries, progress is beginning to be made in the utilization
of the loT (Internet of Things), and situations in which
moving images are captured with cameras or the like and
analyzed for utilization in object traceability management
and the like have increased.

[0003] Furthermore, in factories and the like, the utili-
zation of factory-oriented VMS (Video Management Sys-
tems) has increased in recent years for the purpose of
analysis making use of such images. There is a trend
towards installing cameras in factories and analyzing im-
age data, using artificial intelligence (Al), machine learn-
ing and the like in various ways, resulting in smart facto-
ries overall.

[0004] However, the line managers in current factories
merely carry out hearings for checking on the work by
workers. It is difficult to recognize situations in which
workers are not actually working, for example, situations
in which they are simply standing at work areas without
moving their hands or the like.

[0005] In hearings for checking work in such cases, it
was necessary to measure work time with a stopwatch
while visually checking the actual work for multiple steps.
[0006] Furthermore, Patent Documents 1 to 3 indicat-
ed below have been proposed for reducing such prob-
lems. The technology indicated in Patent Document 1
involves using an activity identification unit that deter-
mines measurement values fromwhen activity starts until
the activity ends, and using the determined measurement
values and identified activities to construct models defin-
ing the relationships between the specifics of the activity
and time.

[0007] This activity identification unit identifies the po-
sitions of a worker’s hands based on measurement val-
ues from a position information acquisition unit that ac-
quires depth-including image data from a depth sensor
as first position information, and that acquires image data
from a digital camera as second position information.
[0008] Furthermore, this activity identification unit
identifies specifics regarding the activities performed by
the worker based on the identified positions of the work-
er's hands, and uses the identified activity specifics and
the acquired measurement values to construct or update
models.

[0009] The technology described in Patent Document
2 uses arange sensor including a camera or the like that

10

15

20

25

30

35

40

45

50

55

can generate color or monochrome images, and a proc-
essor that detects a worker’s hands from each of multiple
chronological range images captured while the worker
performs a work sequence on a work table.

[0010] A hand region detection unit in the processor
can detect hand regions by using an identifier that has
been pre-learned to detect hands in an image, and can
determine whether or not hand regions are included in a
region of interest by inputting HOG (Histograms of Ori-
ented Gradients) extracted from the region of interest to
the identifier.

[0011] Inthe technology indicated in Patent Document
3, a work time measurement unit and a stay time meas-
urement unit are provided in an analysis unit in a control
unit for controlling a server.

[0012] The work time measurement unit measures the
time during which a worker is actually working at a station,
and the stay time measurement unit measures the time
during which the worker is at the station. Thereafter, mov-
ing images for analysis are displayed on an analysis re-
sults display screen, and the analysis information, i.e.,
the work time and the stay time based on the measure-
ment results, are displayed in overlay over these moving
images.

Prior Art Documents
Patent Documents
[0013]

Patent Document 1: PCT International Publication
No. WO 2017/222070

Patent Document 2: Japanese Unexamined Patent
Application, First Publication No. 2019-120577
Patent Document 3: Japanese Unexamined Patent
Application, First Publication No. 2019-200560

SUMMARY OF THE INVENTION
Problem to be solved by the Invention

[0014] The abovementioned Patent Documents 1to 3
describe technologies for creating models by defining re-
lationships between activity specifics and time, and tech-
nologies for measuring the amount of work performed by
a worker and displaying the measured data.

[0015] However, these Patent Documents 1 to 3 only
describe these technologies separately, and do not de-
scribe specific measures for associating these technol-
ogies.

[0016] The present invention has been made in view
of the above-described circumstances. An example ob-
ject of the present invention is to provide a work rate
measurement device and a work rate measurement
method that can efficiently analyze and quantify the sta-
tus of work performed on a work table by means of a
new, unprecedented technique.
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Means for Solving the Problem

[0017] A first example aspect of the present invention
is a work rate measurement device for measuring a work
rate when manual work is performed within a prescribed
work frame provided for each of a plurality of steps, the
work rate measurement device including: a model gen-
eration means for capturing an image within the work
frame using cameras installed for the plurality of steps,
causing machine learning to be performed on a hand of
a worker held within the work frame based on the cap-
tured data, and generating a machine learning model for
each of the cameras; a data analysis saving means for
analyzing whether or not a position of a hand of a worker
is included within the work frame with respectto animage
of actual work being performed using the machine learn-
ing model generated by the model generation means and
saving, in chronological order, analysis data obtained by
the analysis; and a work rate computation means for de-
termining a work rate within each work frame using the
analysis data saved by the data analysis saving means.
[0018] A second example aspect of the presentinven-
tion is a work rate measurement method for measuring
a work rate when manual work is performed within a pre-
scribed work frame provided for each of a plurality of
steps, the work rate measurement method including: a
model generation step of capturing an image within the
work frame using cameras installed for the plurality of
steps, causing machine learning to be performed on a
hand of a worker held within the work frame based on
the captured data, and generating a machine learning
model for each of the cameras; a data analysis saving
step of analyzing whether or not a position of a hand of
a worker is included within the work frame with respect
to an image of actual work being performed using the
machine learning model generated by the model gener-
ation step and saving, in chronological order, analysis
data obtained by the analysis; and a work rate computa-
tion step of determining a work rate within each work
frame using the analysis data saved by the data analysis
saving step.

Effects of Invention

[0019] In an example embodiment of the present in-
vention, a machine learning model is set for each of the
cameras of work frames for multiple steps, and pre-learn-
ing is also included, thereby allowing hands to be accu-
rately detected in various environments and allowing the
work rates in the multiple steps to be efficiently recog-
nized.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

FIG. 1is a diagramiillustrating the structure of a work
rate measurement device according to an example

15

20

25

30

35

40

45

50

55

embodiment of the present invention.

FIG. 2 is a schematic structural diagram of the work
rate measurement device according to the example
embodiment of the present invention.

FIG. 3 is an explanatory diagram indicating a proce-
dure for performing machine learning within an im-
age area.

FIG. 4 is an explanatory diagram indicating a proce-
dure for deciding the sizes of work frames in an im-
age area.

FIG. 5 is a conceptual diagram for detecting actual
hands during a work step.

FIG. 6 is a diagram indicating a display example for
displaying work rates on a client terminal (PC).
FIG. 7 is a flow chart indicating the specific opera-
tions of the work rate measurement device.

Example Embodiment

[0021] The structure of the work rate measurement de-
vice 10 according to an example embodiment of the
present invention will be explained with reference to FIG.
1. This work rate measurement device 10 has a model
generation means (model generation unit) 1, a data anal-
ysis saving means (data analysis storage unit) 2 and a
work rate computation means (work rate computation
unit) 3. These means 1 to 3 measure work rates when
performing manual work within prescribed work frames
provided respectively for the steps on a production line.
[0022] The means 1 to 3 constituting the work rate
measurement device 10 will be explained.

[0023] The model generation means 1 uses cameras
installed for the multiple steps to capture images within
the work frames and performs machine learning of the
positions of a workers’ hands held within the work frames
based on the captured data, thereby generating machine
learning models for each of the cameras.

[0024] The data analysis saving means 2 uses the ma-
chine learning models generated by the model genera-
tion means 1 on images of actual work being performed,
analyzes whether or not the positions of a worker’s hands
are included within the work frames, and saves the anal-
ysis data in chronological order.

[0025] The work rate computation means 3 uses the
analysis data saved by the data analysis saving means
2 to determine the work rates within the work frames.
[0026] Furthermore, according to the work rate meas-
urement device 10 configured as indicated above, cam-
eras installed for the multiple steps are used to capture
images within the work frames and machine learning of
the positions of a workers’ hands held within the work
frames is performed based on the captured data, thereby
generating machine learning models for each of the cam-
eras. Thereafter, the machine learning models generated
by the model generation means 1 are used on images
of actual work being performed to analyze whether or not
the positions of a worker’s hands are included within the
work frames, and the analysis data are saved in chron-
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ological order, after which the saved analysis data can
be used to determine the work rates within the respective
work frames.

[0027] Due to these features, the work rate measure-
ment device 10 can determine the work rates for multiple
steps with only a worker's hands as detection targets,
thus reducing the control operations overall and allowing
work rate detection in real time.

[0028] Additionally, the work rate measurementdevice
10 sets machine learning models for each of the cameras
for the work frames for the multiple steps and includes
pre-learning, thereby allowing the hands to be accurately
detected in various environments, and allowing the work
rates in the multiple steps to be efficiently recognized.

(Example Embodiment)

[0029] An example embodiment of the present inven-
tion will be explained with reference to FIG. 2 to FIG. 7.
[0030] FIG. 2 is an overall structural diagram of the
work rate measurement device 100 according to the ex-
ample embodiment. The work rate measurement device
100 has an activity control unit 11, a data processing unit
12 and an image capture unit 13 that are directly con-
nected to a network N.

[0031] Theimage capture areas captured by theimage
capture unit 13 are indicated by the reference symbol
EA. Additionally, the network N on the side having the
image capture unit 13 is connected to the network N on
the side having the activity control unit 11 and the data
processing unit 12 by means of a hub 14.

[0032] Additionally, these constituent elements are in-
stalled in a factory.

[0033] The activity control unit 11 is a client terminal
(PC) that controls the activity of the entire network N in
the work rate measurement device 100, and has a model
generation means 11A, a data analysis saving means
11B and a work rate computation means 11C. The re-
spective constituent elements of the model generation
means 11A, the data analysis saving means 11B and the
work rate computation means 11C may, for example, be
realized by a hardware processor such as a CPU (Central
Processing Unit) in the client terminal (PC) executing a
program (software). The program may be stored in a stor-
age medium.

[0034] The model generation means 11A captures im-
ages within the image capture areas EA with cameras
(indicated by the reference symbol CA) (explained below)
that are installed for the multiple steps, and performs ma-
chine learning of the positions of a worker’s hands held
within work frames (indicated by the reference symbol
FL) (explained below) based on the image capture data,
and generates machine learning models for each of the
cameras CA.

[0035] The data analysis saving means 11B uses the
machine learning models generated by the model gen-
eration means 11A on images of actual work being per-
formed to analyze whether or not the positions of a work-
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er’'s hands are included within the work frames FL, and
saves the analysis data in chronological order.

[0036] The work rate computation means 11C uses
the analysis data saved by the data analysis saving
means 11B to determine the work rates within the re-
spective work frames FL.

[0037] The specific processes performed by the model
generation means 11A, the data analysis saving means
11B and the work rate computation means 11C will be
explained below.

[0038] Additionally, the client terminal (PC) constitut-
ing the activity control unit 11, as illustrated in FIG. 2, has
a screen that can be displayed on a GUI (Graphical User
Interface) and is connected, via the network, to a server
22 (explained below) for machine learning of the move-
ments of a worker’s hands in the factory, and the cameras
CA for capturing images that serves as the inputs for the
machine learning.

[0039] The data processing unit 12 includes a factory-
oriented VMS (Video Management System) server 20, a
recorded-image storage 21 that storesimage capture da-
ta from the cameras CA supplied through the VMS server
20, and an image analysis/WEB (World Wide Web) serv-
er 22 that designates and saves, as running logs (log
data), the folders of image capture data saved in the re-
corded-image storage 21. The image capture data of the
cameras and the running logs (log data) saved in the
data processing unit 12 are defined as analysis data.
[0040] The image capture unit 13 includes multiple
cameras CA (cameras C1, C2, C3, C4, ...) for capturing
images of a production line 30. The image capture unit
13 captures images of each of the work tables of the
respective workers by means of these cameras CA.
[0041] InFIG. 2, multiple work frames FL, as illustrated
in FIG. 2, are set for the image capture areas EA on the
work tables captured respectively by the cameras CA
(cameras C1, C2, C3, C4).

[0042] Additionally, FIG. 2 shows, as one example, an
example (setting A to setting D) for the case in which four
work frames FL are set within the image capture area EA
on each work table.

[0043] Additionally, although FIG. 2 shows a single
production line 30, similar image capture areas EA may
be provided on multiple production lines 30.

[0044] Furthermore, the model generation means 11A
in the work rate measurement device 100 as mentioned
above, before actually detecting workers’ hands, gener-
ates optimal machine learning models in accordance with
the environments thereof (explained below by means of
FIG. 3 and FIG. 4) by having the workers move their
hands in front of the cameras CA in accordance with in-
structions from the client terminal (PC) for each of the
cameras CA (cameras C1, C2, C3, C4, ...) in the factory.
[0045] Thereafter, the data analysis savingmeans 11B
in the work rate measurement device 100 uses the ma-
chine learning models that have been optimized for each
of the cameras CA to detect the hands, analyzes whether
the detected hands are included within preset areas for
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the cameras CA, and saves logs and moving images
displaying the detected hands with frames, as clock time-
separated data, in the server 22 (explained below by
means of FIG. 5).

[0046] Thereafter, the work rate computation means
11C in the work rate measurement device 100 allows a
line manager to check the work rate statuses for a day
on the client terminal (PC) by utilizing the log data and
the movingimages (explained below by means of FIG. 6).
[0047] Next, the specific operations of the activity con-
trol unit 11, the data processing unit 12 and the image
capture unit 13 will be sequentially explained by the step
(8), referring to the flow chart in FIG. 7.

[0048] The "pre-learning phase" below is a process
that is executed by the model generation means 11A in
the activity control unit 11. Additionally, the " work range
frame setting phase after pre-learning” and the "hand
detection phase" are processes that are performed by
the data analysis saving means 11B in the activity control
unit 11. Additionally, the "work rate check by the client
terminal (PC)" is a process performed by the work rate
computation means 11C in the activity control unit 11.

[Pre-Learning Phase]

[0049] First, the "pre-learning phase" executed by the
model generation means 11A in the activity control unit
11 will be explained by referring to steps S1 to S7.

[Step S1]

[0050] Instep S1,ina state in which cameras CA have
been installed for multiple steps in a factory, workers are
instructed to place their hands in image capture areas
EA in front of the cameras CA (see section (A) in FIG.
3). In step S1 and subsequent steps, processes are ex-
ecuted for each of the cameras C1, C2, C3, C4 consti-
tuting the cameras CA.

[Step S2]

[0051] Instep S2, a machine learning model for hands
in general is used to recognize hands captured by the
cameras CA (cameras C1, C2, C3, C4), and frames that
are the sizes of the hands (frames of a size in which the
hands fit) are displayed, as work frames FL, on the client
terminal (PC).

[0052] Atthistime, inthe clientterminal (PC), the sizes
of the work frames FL for learning the hands in the cam-
eras CA (cameras C1,C2, C3, C4) are decided (see sec-
tion (A) in FIG. 3).

[Step S3]

[0053] Instep S3, based oninstructions from the client
terminal (PC), the workers are asked to place their hands
in the work frames FL and to hold up their hands (see
section (A) in FIG. 3).
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[Step S4]

[0054] Instep S4, based on instructions from the client
terminal (PC), the workers are asked to perform activities
such as holding the hands with the palms up or with the
palms down, rotating the hands and the like within the
work frames FL (see section (A) in FIG. 3).

[Step S5]

[0055] Instep S5, alabeling process formachinelearn-
ing by the size of the hands is automatically implemented
on the image data for the respective work frames FL,
thereby performing machine learning regarding the
hands in accordance with the environments (bright-
ness/angle of view/hand type/captured background, etc.)
of each of the cameras CA (cameras C1, C2, C3, C4)
(see section (A) in FIG. 3).

[Step S6]

[0056] Instep S6, machinelearningis performed within
the image capture areas EA captured by the respective
cameras C1, C2, C3, C4, by having the workers move,
in accordance with instructions, so as to sequentially hold
their hands in equally partitioned areas, for example, in
the nine locations (indicated by reference symbols M1 to
M9) indicated in section (B) of FIG. 3 (see section (B) in
FIG. 3), in the above-mentioned order.

[Step S7]

[0057] In step S7, the machine learning models are
updated at the time the machine learning has been per-
formed at the nine locations set in step S6. As a result
thereof, the machine learning models for each of the cam-
eras CA saved in the recorded-image storage 21 via the
image analysis/WEB server 22 are optimized in accord-
ance with their camera environments (see section (C) in
FIG. 3).

[Work Range Frame Setting Phase after Pre-Learning]

[0058] Next, the "work range frame setting phase after
pre-learning" executed by the data analysis saving
means 11B in the activity control unit 11 will be explained
with reference to steps S8 and S9.

[Step S8]

[0059] In step S8, the portions that are to be actually
checked for the work steps in the respective cameras
C1, C2, C3, C4 are set as rectangular work frames FL
on a GUI on the client terminal (PC).

[0060] At this time, the vertical and horizontal sizes of
the work frames FL and the coordinate positions thereof
can be changed (see section (A) in FIG. 4).
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[Step S9]

[0061] In step S9, if there are work frames FL at four
locations for each of the cameras C1, C2, C3, C4, then
the sizes and the coordinate positions of the respective
work frames FL at these four locations are set similarly
(see section (B) and section (C) in FIG. 4).

[Hand Detection Phase]

[0062] Next, the "hand detection phase" executed by
the data analysis saving means 11B in the activity control
unit 11 will be explained with reference to steps S10 and
S11.

[Step S10]

[0063] In step S10, the machine learning models that
were learned for each of the cameras CA (cameras C1,
C2, C3, C4) above are used to determine whether or not
the hands of workers appear in the work frames FL in
images of line steps in which work is actually being per-
formed, and this information is saved as ON-OFF data
(ON: 1 / OFF: 0) in chronological order on the image
analysis/WEB server 22 (see section (A) and section (B)
in FIG. 5).

[0064] In section (A) of FIG. 5, states in which a hand
ofaworkerappearsinawork frame FL (ON) are indicated
by solid lines and states in which a hand of a worker does
not appear in a work frame FL (OFF) are indicated by
dashed lines.

[0065] Additionally, section (B) in FIG. 5 illustrates a
diagram showing, as an image, ON-OFF data that are
stored in the recorded-image storage 21 through the
VMS server 20, and image data thereof.

[Step S11]

[0066] In step S11, for image data that were analyzed
at the same time, image data are also saved in which the
work frames FL of the hands at the time the hands were
detected have been added. These are saved in order to
check, later on, the states in which the hands were de-
tected (section (B) in FIG. 5).

[Work Rate Check by Client Terminal (PC)]

[0067] Next, the "work rate check by the client terminal
(PC)", which is executed by the work rate computation
means 11C in the activity control unit 11, will be explained
with reference to steps S12 to S14.

[Step S12]

[0068] In step S12, the log data and image data that
were saved above are used to display the work rates for
multiple steps on the client terminal (PC) (see section (A)
in FIG. 6).
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[0069] Section (A)inFIG. 6 shows an example in which
the work rates in each of the work frames FL of the mul-
tiple steps are displayed by using bar graphs.

[Step S13]

[0070] Instep S13, when a bar graph displayed in sec-
tion (A) in FIG. 6 is selected (when an operation such as
a click is performed), work rates for each time for the
multiple steps are displayed in section (B) in FIG. 6.
[0071] Section (B)in FIG. 6 shows, as an example, the
work rates for each time when "setting D in work area
EA of camera C1" is selected.

[0072] In the display at this time, events that are set in
advance so as to set off an alarm, for example, as indi-
cated by the arrows e1 to €3 in section (B) in FIG. 6,
when there is an abnormality, such as absolutely no work
being performed by the worker (the hands not appearing
in the work frames FL or the hands being continually de-
tected the entire time), are also indicated (see section
(B) in FIG. 6).

[Step S14]

[0073] In step S14, when an event arrow e1 to e3 is
selected (clicked), the moving image from the relevant
clock time is displayed to be able to see exactly what
occurred at that time.

[0074] In the work rate measurement device 100 ac-
cording to the present example embodiment, as ex-
plained in detail above, the effects indicated below can
be expected.

[0075] That s, in the work rate measurement device
100 of the present example embodiment, the control is
reduced and real-time detection is made possible by hav-
ing only the hands of workers as detection targets.
[0076] Additionally, in the work rate measurement de-
vice 100 of the present example embodiment, machine
learning models are provided for each of the cameras
CA (cameras C1, C2, C3, C4) and pre-learning is includ-
ed. Thus, the hands can be accurately detected in various
environments, and the actual work rates in multiple steps
can be efficiently determined.

[0077] Additionally, in the work rate measurement de-
vice 100 of the present example embodiment, if the hand
detection portions are replaced with different objects (for
example, tires or the like), then by implementing the proc-
ess with the hands replaced by the different objects from
the pre-learning stage, the times during which the objects
that are not hands appeared in the work frames FL can
be recognized. Thus, there is expandability to allow man-
ufactured article accumulation conditions on the line to
be checked as well.

(Modification Example 1)

[0078] In the example embodiment described above,
the image data obtained by the cameras CA is used as
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an input, pre-learning is performed in dialog form on their
hands in accordance with the environments of workers,
and only it is determined whether or not the hands of the
workers appear within the work frames FL, and thus it
can also be used outside a factory.

[0079] As one example, by using the example embod-
iment of the present invention, data such as whether a
level of school learning is proportional to the time spent
in taking notes can be collected for the classroom or for
cram schools, and this data can be used as a new meas-
ure of school learning. Furthermore, the example em-
bodiment of the present invention can be applied to fields
in which skilled workers, such as beauticians or cooks,
actually perform manual work at locations where camer-
as can be installed indoors.

(Modification Example 2)

[0080] In the above-described example embodiment,
four work frames FL as indicated in FIG. 2 have been set
in the image capture areas EA of the cameras CA (cam-
eras C1, C2, C3, C4), and machine learning has been
performed in nine areas, as indicated in FIG. 3.

[0081] The numbers of the work frames FL and the
machine learning areas may be the same, and they may
be freely set by managers.

[0082] The hands of workers in the image data proc-
essed in the example embodiment refer to the portions
on the distal sides of the wrists of the workers. However,
for example, if the workers are wearing gloves or if the
workers are holding machine tools, jigs or writing imple-
ments of some sort within the image capture areas, then
the image data may be analyzed by treating, as the
"hands", images of states in which gloves are worn or
states in which machine tools, jigs, writing implements
or the like are being held.

[0083] The example embodiments of the present in-
vention have been explained in detail with reference to
the drawings above. However, the specific structure is
not limited to the example embodiments, and design
modifications and the like, within a range not departing
from the spirit of the present invention, are also included.
[0084] This application is based upon and claims the
benefit of priority from Japanese patent application No.
2020-025497, filed on February 18, 2020, the disclosure
ofwhichisincorporated hereinin its entirety by reference.

INDUSTRIAL APPLICABILITY

[0085] The present invention relates to a work rate
measurement device and a work rate measurement
method for measuring work rates when performing man-
ual work within work frames on a production line in a
factory or the like.

Description of Reference Symbols

[0086]
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10
11
11A
11B
11C
12
13
14
20
21
22
30
100
CA
C1
Cc2
C3
C4
EA
FL

Clai

Model generation means
Data analysis saving means
Work rate computation means
Work rate measurement device
Activity control unit

Model generation means
Data analysis saving means
Work rate computation means
Data processing unit

Image capture unit

Hub

VMS server

Recorded-image storage
Image analysis/WEB server
Production line

Work rate measurement device
Camera

Camera

Camera

Camera

Camera

Image capture area

Work frame

Network

ms

A work rate measurement device for measuring a
work rate when manual work is performed within a
prescribed work frame provided for each of a plurality
of steps, the work rate measurement device com-
prising:

a model generation means for capturing an im-
age within the work frame using cameras in-
stalled for the plurality of steps, causing machine
learning to be performed on a hand of a worker
held within the work frame based on the cap-
tured data, and generating a machine learning
model for each of the cameras;

a data analysis saving means for analyzing
whether or not a position of a hand of a worker
is included within the work frame with respect to
an image of actual work being performed using
the machine learning model generated by the
model generation means and saving, in chron-
ological order, analysis data obtained by the
analysis; and

a work rate computation means for determining
a work rate within each work frame using the
analysis data saved by the data analysis saving
means.

The work rate measurement device according to
claim 1, wherein the model generation means caus-
es the machine learning to be performed based on
a state change in which a hand of a worker in the



13 EP 4 109 362 A1

work frame is made to move the hand to be at least
one of palm upward, palm downward or rotated, or
at least one background work environment among
brightness, angle of view, type, brightness and glare
in vicinity of the hand in the work frame.

The work rate measurement device according to any
either claim 1 or 2, wherein the model generation
means sets a plurality of work frames for an image
capture area of one camera installed at a work area
for a work step.

The work rate measurement device according to any
one of claims 1 to 3, wherein the data analysis saving
means saves in a server, as analysis data for each
time, together with log data, a moving image repre-
senting a positional relationship between the work
frame and a hand of a worker.

The work rate measurement device according to any
one of claims 1 to 4, wherein the work rate compu-
tation means computes a work rate in the work frame
based on ON and/or OFF data indicating whether or
notahand of aworker appears within the work frame.

The work rate measurement device according to any
one of claims 1 to 5, wherein the work rate compu-
tation means displays, in an hourly manner, a com-
puted work rate in the work frame in graph form.

The work rate measurement device according to any
one of claims 1 to 6, wherein the data analysis saving
means analyses a stay time of an object image other
than the hand of the worker.

A work rate measurement method for measuring a
work rate when manual work is performed within a
prescribed work frame provided for each of a plurality
of steps, the work rate measurement method com-
prising:

a model generation step of capturing an image
within the work frame using cameras installed
for the plurality of steps, causing machine learn-
ing to be performed on a hand of a worker held
within the work frame based on the captured da-
ta, and generating a machine learning model for
each of the cameras;

adata analysis saving step of analyzing whether
or not a position of a hand of a worker is included
within the work frame with respect to an image
of actual work being performed using the ma-
chine learning model generated by the model
generation step and saving, in chronological or-
der, analysis data obtained by the analysis; and
a work rate computation step of determining a
work rate within each work frame using the anal-
ysis data saved by the data analysis saving step.
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FIG. 7
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